Hypertrophic airway smooth muscle mass correlates with increased airway responsiveness in a murine model of asthma.
The increase of airway smooth muscle (ASM) mass in asthma results from hypertrophic and hyperplastic stimuli, and leads to an increase in cellular contractile proteins. However, little evidence correlates the relative contributions of hypertrophic and hyperplastic muscle with functional effects on airway resistance. We performed a ventilator-based assessment of respiratory mechanics and responsiveness to methacholine in a murine model of acute (3-week) ovalbumin (OVA)-induced airway inflammation, compared with a chronic (12-week) model. We correlated functional changes in airways Newtonian resistance (RN), peripheral tissue damping (G), and elastance (H) with the relative contributions of proliferation, hypertrophy, and apoptosis to increased ASM mass. Immunohistochemical analyses of treated (OVA-sensitized and OVA-challenged; OVA/OVA) and control (OVA-sensitized and saline-challenged; OVA/PBS) murine lungs showed an increase in ASM area in chronic, but not acute, OVA/OVA-treated mice that correlated positively with increased airway resistance to methacholine. Acute OVA/OVA-treated ASM exhibited an increase in proliferation with diminished apoptosis, which resolved in the chronic OVA/OVA model. Chronic OVA/OVA-treated ASM exhibited hypertrophy. Distinct temporal differences exist in the response of murine airways to antigenic challenge. We report that ASM proliferation and diminished apoptosis occur during the acute phase, followed by the development of smooth muscle hypertrophy and an increased muscle mass with chronic challenge, that correlate strongly with increased airway Newtonian resistance. The identification of a functionally relevant hypertrophic bronchial muscle mass highlights the possibility of regulating airway muscle hypertrophy as a novel therapeutic target in asthma.